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1
AQUEOUS COATING COMPOSITION

TECHNICAL FIELD

The present invention relates to an aqueous coating agent
used 1n coating metal or plastic, and particularly, relates to an
aqueous coating composition having excellent coating adhe-
s10n, workability 1n forming a coating film, and o1l resistance
of the coating film at a high temperature. More particularly,
the present invention relates to an aqueous coating composi-
tion for sealing, which 1s coated in order to seal various oils,
gases, and water.

BACKGROUND ART

A liquid resin composition has been used for various pur-
poses of a paint, ink, an adhesive, a sealing agent, and a
coating agent. The liquid resin composition may be largely
classified 1into a reactive resin composition and a non-reactive
resin composition. The reactive resin composition uses a
reactive resin such as an epoxy resin, an acryl resin, or a
silicone resin as a binder component, and various curing
agents, crosslinking agents, reaction 1nitiators, and catalysts
are added to solidily and cure the resin at a predetermined
timing. Therefore, since various raw components may be
combined with each other for the use, the degree of freedom
of design was high. Meanwhile, since solidification and cur-
ing of the binder component are caused by a chemical reac-
tion, there were some problems in preservation, workability,
safety, and an environmental load.

The non-reactive resin composition implements 1ts func-
tion by using, as a binder component, the non reactive resin
which 1s not solidified and cured by a chemical reaction, and
solidifying the resin mainly by solvent vaporization. Accord-
ingly, the preserving property, workability, and safety are
generally good. However, the function such as the durability
or the adhesion of the solidified resin falls behind the reactive
resin composition.

As a specific purpose of the liquid resin composition, there
1s a coating agent for sealing having the function of strongly
fixing a screwed member at the time of screwing a screw by
coating a screwed surface of a screwed member such as a
fastener, a bolt, a plug and a nut, and performing sealing by
preventing leakage of tluids such as o1l or gas from a gap of a
screwed part.

As the coating agent for sealing, for example, 1n a resin
composition disclosed 1n Patent Document 1, a reactive resin
reacts with a curing agent by microencapsulating a compo-
nent for curing the reactive resin and breaking the microcap-
sule by external forces such as fitting or screwing. As a result
ol the reaction, the resin composition 1s cured at the screwed
part or fitted part, and a fixing property or a sealing ability 1s
exerted.

Additionally, Patent Document 2 discloses an adhesive
using an emulsion of an acryl functional monomer as a binder
and encapsulated organic peroxide as a curing agent to pre-
vent unscrewing.

Patent Document 3 discloses a resin laminate having excel-
lent adhesive property or heat resistance, the resin laminate
including a layer formed of a thermoplastic fluorine resin
composition and modified ethylene-vinyl acetate copolymer,
and a resin layer selected from an ethylene copolymer, a
chlorine-containing resin, polycarbonate and thermoplastic
polyester.
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2
BACKGROUND ART

Patent Document
Patent Document 1: JP-A-2007-31559
Patent Document 2: JP-A-2-308876
Patent Document 3: JP-A-5-286086

SUMMARY OF THE INVENTION

Problems that the Invention 1s to Solve

However, since the resin composition disclosed 1n Patent
Document 1 uses the reactive resin and 1s microencapsulated,
it has a high preserving property. However, 1t 1s difficult to
preserve the composition over a long period of time, and 1f a
strong 1mpact 1s applied during transport, the microcapsule
may be broken, thus deteriorating the preserving property.
Furthermore, since 1t 1s difficult to dissolve the microcapsule
in water because of the property of the microcapsule, there 1s
a problem 1n safety or an environmental load.

Additionally, the adhesive disclosed in Patent Document 2
1s a type including a reactive main agent and a reaction ini-
tiator (curing agent) that are microencapsulated, among the
known microcapsule adhesives, and preservation stability as
the adhesive 1s excellent. However, there 1s a problem about
cost because a great amount of microcapsules 1s used. In
addition, since the available amount of reactive main agent 1s
limited, adhesive force 1s insufficient. Furthermore, o1l resis-

tance 1s not suificient.

Further, 1n the resin laminate disclosed in Patent Document
3, since the laminated structure needs to be formed by two
different resin compositions on a subject, there 1s a problem
about workability when coating. Further, while an adhesive
property and heat resistance are excellent, a great amount of
scraped powder 1s generated, thereby polluting a work envi-
ronment when the resin 1s coated on the screwed member to
perform screwing, since cohesive force and flexibility of the
resin layer (B layer) selected from ethylene copolymer, chlo-
rine-containing resin, polycarbonate, and thermoplastic poly-
ester are poor.

The purpose of the present invention 1s to solve the prob-
lems of background art, and namely, 1s to provide an aqueous
coating composition that has excellent coating adhesion,
workability 1n forming a coating film, and durability of the
coating {ilm at a high temperature, and more particularly, to
provide an aqueous coating composition for sealing, which 1s
coated 1n order to seal various oils, gases, and water.

Means for Solving the Problems

The present mvention implements a coating composition
having excellent functions as a coating agent such as high
durability, strong coating adhesion, and particularly, a sealing
ability when the composition 1s applied to a screwed member,
while maintaining preservation, workability 1n coating,
safety or a low environmental load of the composition by
using a non-reactive ethylene-vinyl acetate copolymer resin
emulsion as a binder component, and combining the binder
component and PTFE resin powder having a different particle
diameter.

That 1s, the present mvention relates to the following
description.
<1> An aqueous coating composition comprising: the follow-

ing components (A) and (B) as main components, wherein

35 to 80 parts by mass of water 1s contained based on 100

parts by mass of the total of components (A) and (B):
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Component (A): an ethylene-vinyl acetate copolymer resin
emulsion:
Component (B): two or more PTFE resin powders having
different particle diameters.

<2> The aqueous coating composition according to <1>,
wherein a mass ratio (A)/(B) of a solid of component (A)
and component (B) 1s 0.03 to 0.40.

<3> The aqueous coating composition according to claim
<1> or <2>, wherein component (B) includes at least (b-1)
a PTFE resin powder having an average particle diameter
of 2 to 20 um and (b-2) a PTFE resin powder having an
average particle diameter of 20 to 100 um.

<4> The aqueous coating composition according to <1> or
<2>, wherein component (B) includes (b-1) a PTFE resin
powder having an average particle diameter of 2 to 20 um,
and (b-2) a PTFE resin powder having an average particle
diameter of 20 to 100 um, and wherein a mass ratio (b-1):
(b-2) of (b-1) and (b-2) 1n component (B) 1s 5 to 35:95 to
63.

<5> The aqueous coating composition according to any one
of <1>to <4>, further comprising: (C) 0.0005 to 1.0 parts
by mass of sodium polyacrylate on the basis of 100 parts by
mass of the total of components (A) and (B).

<6> The aqueous coating composition according to any one
of <1> to <5>, wherein component (A) has a viscosity of
1000 to 5500 mPa-s.

<> A member of which a surface 1s coated by the aqueous
coating composition according to any one of <1> to <6>,

<8> The member according to <7>, wherein the member 1s a
screwed member.

Advantage of the Invention

The aqueous coating composition of the present invention
has excellent coating adhesion, workability 1n forming a coat-
ing film, and durability of the coating film at a high tempera-
ture, and the aqueous coating composition 1s particularly
usetul as a precoat type screw sealing agent when a screwed
member 1s used as a adherend of the aqueous coating com-
position, since o1ls can be effectively sealed.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a sealing test block made of aluminum that 1s used
to evaluate a sealing ability of an aqueous coating composi-
tion of the present invention.

FIG. 2 1s a sealing tester that 1s used to evaluate a sealing
ability of an aqueous coating composition of the present
invention.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, exemplary embodiments of the present inven-
tion are described 1n detail. An ethylene-vinyl acetate copoly-
mer resin emulsion of component (A) used in the present
invention functions as a binder component having excellent
adhesion 1n the coating composition of the present invention,
and 1s combined with two or more PTFE resin powders hav-
ing different particle diameters of component (B) of the
present invention to implement an excellent coating adhesion,
such that when the emulsion 1s used as a coating agent. When
the emulsion 1s particularly used 1n a screwed member, the
coating {ilm does not become detached during screwing
because of an excellent cohesive force and flexibility while
screwing 1s performed, and thus, the circumierence i1s not
contaminated by scraped powders. Furthermore, since water
contained 1n the composition of the present mnvention 1s used
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4

to dilute components (A) and (B), and a pressure to the
environment may be remarkably reduced by using water as a
diluting component.

Herein, as the ethylene-vinyl acetate copolymer resin
emulsion, as described 1n, for example, JP-A-03-041144, an
cthylene-vinyl acetate copolymer resin emulsion 1mn which
polyvinyl alcohol 1s used as an emulsion stabilizing agent and
which 1s made of ethylene, vinyl acetate and a vinyl com-
pound capable of being copolymerized with vinyl acetate
may be used. However, the method of the present invention 1s
not limited particularly to the preparation method. Inciden-
tally, the coating composition of the present invention
includes 35 to 80 parts, and preferably 40 to 60 parts by mass
of water on the basis of 100 parts by mass of the total of
component (A) and component (B) as described below. Fur-
ther, a mass ratio (A)/(B) of the solid of component (A) and
component (B) may preferably be 0.03 to 0.40 and more
preferably 0.10 to 0.25. Moreover, component (A) may have
1000 to 5500 mPa-s and more preferably 2000 to 4000 mPa-s
of viscosity as measured according to JIS K 7117 (BL type
viscometer, 60 rpm, 1 min, 25° C.). Since component (A)
needs to have a high elongation ratio, the elongation ratio of
the solidified form of component (A) may preferably be
500% or more, and more preferably 660% or more. Since the
coating composition of the present invention requires a high
heat resistance 1n order to ensure a stability of the coating film
at a high temperature and may be used at room temperature as
well, a glass transition temperature (T'g), which 1s the stan-
dard of an 1nflection point for physical properties, may pret-
erably be outside a range from room temperature to a high
temperature. Preferably, Tg may be less than 40° C., and more
preferably less than 0° C. Further, while it 1s particularly
required that the content of ethylene in the ethylene-vinyl
acetate copolymer of component (A) 1s high 1n order to ensure
good coating adhesion, the present invention 1s not limited
thereto.

When the mass ratio (A)/(B) of the solid of component (A)
and component (B) 1s smaller than 0.03, since component (A)
1s used 1n an excessively small amount as compared to com-
ponent (B), component (A) cannot suificiently perform the
function as a binder, thus reducing the coating adhesion.
Meanwhile, when (A)/(B) 1s more than 0.40, since 1t 1s diffi-
cult to uniformly disperse component (B), the coating film
becomes non-uniform, thus generating a uneven thickness
called deviation. When the viscosity of component (A) 1s less
than 1000 mPa-s and the coating composition of the present
invention 1s used, a uniform coating film may not be formed
since the component does not have a maintenance ability to
flow from the adherend. And, when the component 1s coated
on the screwed member by using an automatic coating device
and the screwed member has a container shape, the coating
agent tlows to the outside. Meanwhile, 11 the viscosity 1s
excessively high such as 5500 mPa-s or more, for example,
the workability may be reduced because the uniform coating
film cannot be formed when the component 1s coated on the
screwed member using the automatic coating device. It 1s
required that the coating composition of the present invention
has flexibility following linear expansion between different
materials such as 1ron and aluminum, and thus, the combined
binder having a high elongation ratio is selected. If the elon-
gation ratio of component (A) 1s less than 500%, when the
screwed member such as the screw coated by the coating
composition of the present invention 1s screwed, in particular,
where the screwed member 1s a combination of different
materials such as a female screw made of aluminum and a
male screw made of iron, the screwed member cannot follow
the displacement of each substrate when the difference
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between linear expansions of the substrates 1s increased by
heat, thus reducing a sealing ability at the screwed member.

Two or more PTFE resin powders of component (B) each
having different particle diameters used 1n the present inven-
tion act as a component for maintaimng the coating film
strength 1n the coating composition of the present ivention,
and in particular, are important components providing heat
resistance to the coating film. In the present invention, two or
more PTFE resin powders having different particle diameters
are combined and therefore may be uniformly dispersed 1n
the coating composition liquid and charged 1n a high density
in the coating film. In the coating composition of the present
invention, 1f the PTFE resin powders have the same particle
diameter, and, i particularly, are small particles having the
diameter of 20 um or less 1n the composition liquid including
component (A), the powders may be easily coagulated.
Accordingly, the present invention 1s characterized 1n com-
bining and using a plurality of PTFE resin powders having
different particle diameters, in particular, the powders having
the particle diameters of 2 to 20 um and 20 to 100 um. The
resulting resin powders will not be coagulated each other, and
thus, are unmiformly dispersed in the composition liquid by
using the combination of the PTFE resin powders having the
above particle diameter range. Further, similar to the charac-
teristic of the composition liquid, the PTFE resin powder can
be uniformly distributed and charged 1n a high density even in
the coating film, thus providing excellent coating film
strength.

Herein, the more desirable average particle diameter of the
PTFE resin powder includes at least (b-1) a smaller particle
diameter of 2 to 20 um, and (b-2) a larger particle diameter of
20to 100 um. More preferably, the diameter 1s atleast (b-1) 1n
the range of 3 to 8 uM, and (b-2) 1n the range of 25 to 70 um.
If the difference between the particle diameters of (b-1) and
(b- 2) 1s smaller than the above range, the respective PTFE
resin powders are coagulated 1n the composition liquid and do
not form the uniform coating film, and therefore good coating,
film strength cannot be exerted. If the difference between the
particle diameters 1s larger than the above range, the particles
having the larger particle diameter cannot perform the func-
tion of interrupting the deviation of the particles having the
smaller particle diameter, and accordingly, the good coating
f1lm strength cannot be exerted. Further, 1f the particle diam-
cter of (b-2) 1s larger than the above range, scraped powders
are generated, thus, contaminating the work environment
when using a method of sealing the screwed part by coating
the composition on the screwed member to form the coating
f1lm, since the coating film 1s easily separated by screwing
operation during the screwing. Further, 1f the particle diam-
cter of (b-1) 1s smaller than the above range, the viscosity of
the composition 1s increased, thus reducing workability. This
1s because (b-1) 1s physically bound with component (A) 1n
the composition liquid.

The PTFE resin powder having (b-1) of the small particle
diameter capable of being appropriately used 1n the present
invention typically 1s a powder manufactured by either one of
a radiation thermal decomposition method, a thermal decom-
position method, an emulsion polymerization method, and a
suspension polymerization method, and includes polytet-
rafluoroethylene having a molecular weight of 1000 to 1,000,
000, but 1s not particularly limited thereto. For example,
LUBRON L5 and LUBRON L5F (manufactured by Daikin
Industries, Ltd.), TLP-10 and TLP-10F-1 (manufactured by
Du Pont-Mitsui Fluorochemicals Co., Ltd.), Fluon L169,
Fluon L1770, Fluon LL171, and Fluon L.173] (manufactured by
Asahi Glass Co., Ltd.), and KTL-20N, KTL-10N, KTL-8N,
KTL-4N, KTL-2N, KTL-450, KT-600M, KTL-610, and
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6

KTL-620 (manufactured by Kitamura Limited) may be
exemplified as commercial product.

The PTFE resin powder having (b-2) of the large particle
diameter capable of being appropriately used 1n the present
ivention 1s a powder polymerized mainly by an emulsion
polymerization method or a suspension polymerization
method, and includes polytetrafluoroethylene having a
molecular weight of million to ten million, but 1s not particu-
larly limited thereto. For example, Polytlon M 12 and Polytlon
M15 (manufactured by Daikin Industries, Ltd.), Tetlon (reg-
istered trademark) 61, Teflon (registered trademark) 62XT,
and Tetlon (registered trademark) 6CJ (manufactured by Du
Pont-Mitsu1 Fluorochemicals Co., Ltd.), Fluon G163, Fluon
(190, Fluon G307, Fluon G340, Fluon G201, Fluon CD1,
Fluon CD123, and Fluon CDO076 (manufactured by Asahi
Glass Co., Ltd.), and K'T-300M and K'T-400M (manufactured
by Kitamura Limited) may be exemplified as commercial
product.

Further, in the present invention, the mass ratio (b-1):(b-2)
of (b-1) and (b-2) 1n component (B) may be 5 to 35:95 to 63,
and more preferably 10 to 30:90 to 70. If the mass ratio of
(b-1) 1n component (B) 1s smaller than 5/100 and 1s larger than
35/100, 1t 1s difficult to uniformly disperse each of (b-1) and
(b-2) 1n the coating composition of the present invention. As
a result, the deviation occurs 1n the composition liquid, thus
causing deviations in the coating film. Also, the viscosity may
be largely increased, thereby reducing workability.

In the present invention, 0.00035 to 1.0 parts by mass, and
more preferably 0.001 to 0.1 parts by mass of sodium poly-
acrylate of component (C) on the basis o1 100 parts of the total
of components (A) and (B) by mass may be contained 1n the
composition. In the present invention, component (C) acts as
a viscoelastic controlling agent of the coating film, and 1s a
component contributing to forming the flat and uniform coat-
ing film when the coating film 1s formed. In partlcular when
the coating composition of the present invention 1s coated on
the screwed member such as a screw by an automatic coating,
device, the automatic coating device applies the coating com-
position while rotating the screwed member at a predeter-
mined rpm 1n a horizontal state, and since the coated screwed
member 1s dried 1n a drier while rotating, the coating compo-
sition 1s collected at the end or the head of the screw through
the spiral of the screw. If the rotation of the automatic coating
device 1s stopped, sagging rapidly starts, and thus, 1t 1s
required to perform the coating without stopping the rotation.
However, this phenomenon may be suppressed by adding
component (C). In the present invention, 11 component (C) 1s
added to the combination of components (A) and (B), com-
ponent (C) 1s particularly useful to the coating process of the
automatic coating device.

Sodium polyacrylate having the average molecular weight
in the range of a hundred thousand to ten million, and more
preferably haltf a million to five million may be used as com-
ponent (C) in the present mvention. As described above,
component (C) of the present invention acts as the viscoelas-
tic controlling agent, and sodium polyacrylate 1s a viscoelas-
tic controlling agent that 1s particularly effective to the com-
bination of components (A) and (B) as main components of
the present invention. Further, the addition amount of com-
ponent (C) may be 0.0005 to 1.0 parts by mass and more
preferably 0.01 to 0.5 parts by mass on the basis of 100 parts
by mass of the total of components (A) and (B). If the added
amount of component (C) 1s smaller than 0.0005 parts by
mass, a viscoelastic controlling effect 1s not sufficient, and
thus, the uniform coating film coating the thread of a screw
may not be formed when component (C) 1s coated on the
screwed part. Meanwhile, if the added amount of component
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(C) 1s more than 1.0 part by mass, since the viscoelastic
controlling effect 1s excessively increased to reduce perme-
ability or fluidity during the coating, coating workability 1s
reduced. Further, since the viscosity of the composition liquid
1s increased, handling and discharging properties of the com-
position liquid are reduced. For example, SN thickener 618
and SN thickener A-818 (manufactured by San Nopco Lim-
ited), and ARON A-20L (manufactured by Toagose1 Co.,
Ltd.) may be exemplified as commercial products.

The aqueous coating composition of the present invention
includes components (A) and (B) described above, and
optionally, component (C) as the main configuration compo-
nents, but the other components may be added thereto if
necessary. For example, a pH controlling agent, a corrosion
inhibitor, an defoaming agent, a body pigment, a stabilizer, a
coloring agent, a tackifier, an aging inhibitor, a dispersion
auxiliary agent, a film-forming auxiliary agent, and an anti-
setting agent may be added in a predetermined amount 1n a
range at which the function of the present invention i1s not
suppressed, so that predetermined physical properties may be
maintained. In particular, when the composition liquid 1s
coated, the uniform coating film may be obtained by adding
the defoaming agent or dispersing agent. One or more sili-
cone-based surtfactants such as BYK-019, BYK-020, BYK-
023, BYK-024, BYK-065, BYK-066, BYK-067, BYK-070,
BYK-088, and BYK-080A (all manufactured by BYK Japan

KK) may be used as the defoaming and dispersing agent.

In a preferred embodiment of the present invention, the
aqueous coating composition 1s coated on the surface of the
member to form a cured coating film, thereby coating the
member. In particular, the coating composition 1s suitable for
applying to the member requiring iriction resistance and
adhesion such as a friction surface. The present invention also
relates to a member of which a surface 1s coated by the
aqueous coating composition.

One of the most desirable embodiment of coated members
of the present invention 1includes the sealing of the screwed
member. In particular, by coating the composition on the
screw, the composition 1s useful as a precoat type of screw
sealing agent because the coating film having excellent fric-
tion resistance and adhesion 1s formed, and the screwed sur-
face 1s strongly sealed over a long period of time while the
coating film 1s not peeled by screwing.

For example, as the screwed member other than the screw,
there are screw joints such as mipples, sockets, plugs, and
clbows having the screwed surface, but the screwed member
1s not particularly limited thereto.

EXAMPLES

A better understanding of the aqueous coating composition
of the present invention may be obtained 1n light of the fol-
lowing exemplary embodiments which are set forth to 1llus-
trate the present mnvention. However, the exemplary embodi-
ments are not to be construed to limait the present invention.

Preparation Examples 1 to 15 and Comparative
Preparation Examples 1 to 8

Preparation of the Aqueous Coating Composition

The aqueous coating compositions used in Examples and
Comparative Examples were prepared by using the following
components.

|[Component (A)]

SUMIKAFLEX 410HQ (ethylene-vinyl acetate copoly-

mer resin emulsion, Tg —18° C., viscosity 3000 mPa-s,

5

10

15

20

25

30

35

40

45

50

55

60

65

8

clongation 700%, solid content 53%, product of Sumika
Chemtex Co., Ltd., herematter, referred to as “410HQ”)

SUMIKAFLEX 408HQE (ethylene-vinyl acetate copoly-
mer resin emulsion, Tg 0° C., viscosity 800 mPa-s, elon-
gation 650%, solid content 50%, product of Sumika

Chemtex Co., Ltd., hereinatter, referred to as
“408HQE")

Polysol EVA EL-831 (ethylene-vinyl acetate copolymer
resin emulsion, Tg 0° C., viscosity 10,000 mPa-s, elon-
gation 1200%, solid content 50%, product of Showa
Highpolymer Co., Ltd., hereinafter, referred to as “EL-

351”)

Polysol AP-6750 (styrene.acryl synthetic resin emulsion,
Tg36° C., viscosity 4000 mPa-s, elongation 150%, solid
content 45%, product of Showa Highpolymer Co., Ltd.,
hereinafter, referred to as “AP-67507)

VONCOAT4280 (styrene.acryl synthetic resin emulsion,
Tg 20° C., viscosity 500 mPa-s, elongation 450%, solid
content 40%, product of Dainippon Ink & Chemicals,
Inc., hereinatter, referred to as “4280”)

|[Component (B)]

Lubron L-5F (PTFE powder having an average particle
diameter of 5 um, product of Daikin Industries, Ltd.,
hereinafter, referred to as “L-5F")

KTL-450 (PTFE powder having an average particle diam-
cter of 19 um, product of Kitamura Limited)

KT-300M (PTFE powder having an average particle diam-
cter of 40 um, product of Kitamura Limited)

Lubron L-2 (PTFE powder having an average particle
diameter of 0.3 um, product of Daikin Industries, Ltd.,
hereinatter, referred to as “L-27)

Tetlon (registered trademark) 850A (PTFE powder having
an average particle diameter of 350 um, product of Du
Pont-Mitsui Fluorochemicals Company, Ltd., hereinat-

ter, referred to as “850A”)

TORAYFIL R-900 (silicone resin powder having an aver-
age particle diameter of 20 um, product of Dow Corning

Toray Silicone Co., Ltd., hereinafter, referred to as
GCR_QOOEE)

PPW-5 (polypropylene powder having an average particle
diameter of 5 um, product of Seishin Enterprise Co.,

[td.)

SK-PE-20L (polyethylene powder having an average par-
ticle diameter of 20 um, product of Seishin Enterprise
Co., Ltd.)

|Component (C)]

SN thickener A-818 (sodium polyacrylate having an aver-
age molecular weight of 1400000, product of San Nopco
Limited, hereinafter, referred to as “A-818”)

JULIMER AC-70N (sodium polyacrylate having an aver-

age molecular weight of 10000, product of Nihon Juny-
aku Co., Ltd., hereinafter, referred to as “AC-70N"")

ARON A-20L (polyacrylic acid having an average molecu-
lar weight of 500000, product of Toagoser Co., Ltd.,
hereinatter, referred to as “A-20L")

ARON A-7155 (sodium polycarboxylate having an aver-

age molecular weight of 500000, product of Toagosei
Co., Ltd., heremafter, referred to as “A-71557)

ARON A-7185 (sodium polysulfonate having an average
molecular weight of 500000, product of Toagoser Co.,
Ltd., hereinafter, referred to as “A-7185")
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|Other Additive Components]

Film-forming Auxiliary Agent

SOLFIT (3-methoxy-3-methyl-1-butanol,
Kuraray Co., Ltd.)

PhFG (propyleneglycolmonomethyletheracetate, product 4
of Nippon Nyukazai Co., Ltd.)

Anti-setting.Defoaming Agent

BYK-019 (silicone-based surfactant, product of BYK
Japan KK, heremafter, referred to as “019”)

BYK-024 (silicone-based surfactant, product of BYK
Japan KK, heremafter, referred to as “024”)

product of

10
Wetting Dispersing Agent

SILWET L-77 (polyether-denatured silicone-based surfac-

tant, product of Momentive Performance Materials Inc.,
hereinafter, referred to as “L-777)

The aqueous coating compositions of Examples and Com-
parative Examples were prepared according to the composi-
tion of Tables 1 and 2 using the above components. In addi-
tion, numerical values described 1n Tables 1 and 2 indicate
parts by mass of addition.

TABLE 1
Working Example
Prep. Prep. Prep. Prep. Prep. Prep. Prep.
Ex.1 Ex.2 Ex.3 Ex.4 Ex.5 Ex.6 Ex.7
(A) 410HQ 20 35 10 20 20
EL-851 20
408HQE 20
AP-6750
4280
(B) (b-1) L-5F 10 10 10 10 10
KTL-450 10
L-2 10
PPW-5
(b-2) KT-300M 45 45 45 45 45 45 45
850A
R-900
SK-PE-20L
(C) A-818 0.6 0.6 0.6 0.6 0.6 0.6 0.6
AC-70N
A-20L
A-7155
A-7185
Ion exchanging water 42 42 42 42 42 42 42
Film-forming Solfit 0.7 0.7 0.7 0.7 0.7 0.7 0.7
auxiliary agent PhFG 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Wetting dispersion L-77 0.2 0.2 0.2 0.2 0.2 0.2 0.2
agent
Defoaming agent 019 0.6 0.6 0.6 0.6 0.6 0.6 0.6
024 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Total 120 135 110 120 120 120 120
Working Example
Prep. Prep. Prep. Prep. Prep. Prep.
Prep. Prep. Ex. Ex. EX. Ex. Ex. Ex.
Ex.8 Ex.9 10 11 12 13 14 15
(A) 410HQ 20 20 20 20 20 20 20 20
EL-851
408HQE
AP-6750
4280
(B) (b-1) L-3F 10 18 5 10 10 10 10 10
KTL-450
L-2
PPW-5
(b-2) K'T-300M 37 50 45 45 45 45 45
850A 45
R-900
SK-PE-20L
(C) A-818 0.6 0.6 0.6
AC-70N 0.6
A-20L 0.6
A-7155 0.6
A-7185 0.6
Ion exchanging water 42 42 42 42 42 42 42 42
Film-forming Solfit 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
auxiliary agent PhFG 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Wetting dispersion L-77 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
agent
Defoaming agent 019 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
024 0.4 0.4 04 04 0.4 04 04 0.4
Total 120 120 120 120 120 120 120 1194
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TABLE 2
Comparative Example
Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp.
Prep. Prep. Prep. Prep. Prep. Prep. Prep. Prep.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8
(A) 410HQ 20 20 20 20 20
FI.-851
408HQE
AP-6750 20 20
4280 20
(B) (b-1) I.-5F 10 10 55 10
KTL-450
L-2
PPW-5 10 10 10
(b-2) KT-300M 45 45 55
850A 43
R-900 45 45
SK-PE-20L 43
(C) A-818 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
AC-70N
A-20L,
B-300K
A-7158
Ion exchanging water 42 42 42 42 42 42 42 42
Film-forming Solfit 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
auxiliary agent PhFG 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Wetting L-77 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
dispersion agent
Defoaming agent 019 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
024 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Total 120 120 120 120 120 120 120 120
Working Examples 1 to 15 and Comparative B when a few breakage, deviation, and pinholes were
Examples 1 to 8 observed, C when relatively many breakage, deviation, and
pinholes were observed, and D when a lot breakage, devia-
Method for Evaluating Characteristics of the Aqueous Coat- ;5 tion, and pinholes were observed.
ing Composition Evaluation method of the coating film strength: The coat-
Evaluation method of liquid property: Changes in 1nitial ing {ilm strength of each composition manufactured in Prepa-
viscosity and initial liquid property of each composition ration Examples and Comparative Preparation Examples was
manufactured in Preparation Examples and Comparative evaluated as using the bending resistance test according to JIS
Preparation Examples were evaluated. After each composi- 40 K 5400. The coating film was manufactured by using the
tion was prepared, leit for 10 min, and agitated with an agi- same method as the evaluation of the coating film property
tation rod, the initial viscosity was measured by the viscosity and coated on the steel plate according to JIS G 3141. The
measuring method according to JISK 7117 (BL type viscom- results of performing the bend resistance test were evaluated
cter, 60 rpm, 1 min, 25° C.). The change of mitial liquid as A when there were no breakage and peeling on the surface
property of each composition was 1dentified immediately 45 ofthe coating film, “scratched” when breakage was observed,
alter the preparation and 10 min after the preparation while “peeled” when peeling was observed, and D when both
the agitation was performed with the agitation rod. The breakage and peeling were observed.
change of initial liguid property immediately after the prepa- Evaluation method of dryness: The dryness of each com-
ration and 10 min after the preparation was evaluated as A position manufactured in Preparation Examples and Com-
when most properties were not changed, B when the viscosity 50 parative Preparation Examples was evaluated by using the
was slightly increased, C when the viscosity was obviously drying period test according to JIS K 5400. The coating film
increased, and D when the agitation could not be performed was manufactured by using the same method as the evaluation
due to gelation. of the coating film property, coated on the steel plate accord-
Evaluation method of coating film property: The coating ing to JIS G 3141, and left at normal temperature. Then, the
film of each composition manufactured in Preparation 55 dryness was evaluated as the time required until the film did
Examples and Comparative Preparation Examples were not attach to a finger tip when the film was touched lightly by
manufactured, and an appearance of the coating film after the finger tip.
drying was confirmed by the visual contact to evaluate the Evaluation method of device coating ability: The rotation
coating film property. Further, the coating film used to evalu- speed of the rotator was set to 40 rotation/min by using the
ate the coating film property was manufactured by formingan 60 simple automatic coating device in which the fixed part made
embankment made of a PP plate at the external circumierence of magnets was attached to the end of the rotator controlling
of the steel specimen according to JIS G 3141, injecting each the number of rotations, and the liquid drop provider was
composition liquid to the inside of the embankment to control fixed to the external edge of the rotator to evaluate the device
the thickness of the dried film to 400 um, and leaving the dried coating ability. The head of the bolt treated with zinc-plated
f1lm at 80° C. for 30 min. The coating film was confirmed by 65 chromate having a pitch of 1.5, M10, and the length of 20 mm

the visual contact, and was evaluated as A when the surface
was tlat and there were no breakage, deviation, and pinholes,

was fixed to the fixed part of the automatic coating device, and
cach composition manufactured in Preparation Examples and
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Comparative Preparation Examples was dropped down from
the liquid drop provider and coated from the end of the bolt to
the head of the bolt at an interval of 16 mm for one bolt, while
the thickness of the dried film 1n the thread of the screw was
controlled to 400 um. After the coating, the rotation was
continued for 1 min at the above rotation speed. Thereafiter,
the bolt was separated from the simple automatic coating
device, and each composition attached to the bolt was con-
firmed by the visual contact. The device coating ability was
evaluated as A when the attachment state of the uncured
composition was hardly ever changed immediately after the
coating and after the rotation was finished, B when a few
deviations were observed (the attachment of the composition
liquid to the bolt was biased), C when a portion of the surface
ol the bolt on which the composition liquid was coated after
the movement was exposed, and D when most of the surface
of the bolt was exposed.

Evaluation method of fastening resistance: Each composi-
tion manufactured in Preparation Examples and Comparative
Preparation Examples was uniformly coated for one bolt
treated with zinc-plated chromate having a pitch of 1.5, M 10,
and the length of 20 mm, while the thickness of the dried film
ol the coating film 1n the thread of the screw was controlled to
400 um. The nut treated with zinc-plated chromate having the
same diameter and the same pitch was fastened by one to two
threads, and the head of each bolt was fixed by the vise. The
nut temporarily screwed to the bolt was screwed by one
rotation at a speed of 0.5 to 1 rotation/sec by using the torque
wrench manufactured by Tohnichi Mig. Co., Ltd. In this case,
the fastening torque was measured every one rotation, and the
evaluation was performed by using the maximum value to
five rotations.

Evaluation method of gas sealing ability: Each composi-
tion manufactured in Preparation Examples and Comparative
Preparation Examples was coated and processed on the bolt
by using the same coating method as the evaluation of the
device coating ability. Ten bolts were assembled with the
sealing test block that 1s made of aluminum as shown 1n FIG.
1, and the block was assembled with the sealing tester as
shown in FIG. 2. Pressure was applied to the sealing test block
that 1s made of aluminum by nitrogen gas, and the gas sealing,
ability was evaluated. The initial pressure of the nitrogen gas
applied to the sealing test block was 0.5 MPa, and the pressure
was maintained for 5 min to confirm the leakage. In this case,
the gas sealing ability was evaluated as D when leakage
occurs. Further, the pressure was increased stepwise by 0.5
MPa for every 2 min, and the pressure was confirmed at the
time of the occurrence of leakage. Further, the final pressure
was set to 12 MPa, and the evaluation was performed using,
the pressure value at the time of the occurrence of leakage.

Evaluation method of o1l sealing ability: The turbine o1l
(RIX turbine o1l manufactured by Japan Energy Corporation)

Liqud Gelation
property Viscosity [mPa - s]
Coating film Coating film property
property Coating film strength
Dryness [min]
Device coating ability
Sealing Fastening resistance [N - m]

characteristic =~ Gas sealing ability [Mpa]

Oil 25° C. [MPa]

10

15

20

25

30

35

40

45

50
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was charged in the same sealing test block as the evaluation of
the gas sealing ability, and the block was assembled with the
same sealing tester as the evaluation of the gas sealing ability.
The test method and the evaluation method were based on the
evaluation of the gas sealing ability. Further, 1n the evaluation
of the o1l sealing ability, the test was performed while the
temperature of o1l charged in the sealing test block was main-
tained at 25° C. and 170° C.

Evaluation method of o1l resistance of the coating film: Oil
resistance of the coating film of each composition manufac-
tured in Preparation Examples and Comparative Preparation
Examples was evaluated by forming the same specimen as the
evaluation of the coating film property and dipping the speci-
men in turbine o1l maintained at 80° C. (RIX turbine o1l
manufactured by Japan Energy Corporation) for 7 days. Fur-
ther, the specimen was manufactured so that the thickness of
the dried film of the coating film was controlled to 0.5 mm,
and the o1l resistance was evaluated by measuring a change in
mass before and after the specimen was dipped 1n the turbine
o1l. The specimen was cleaned slightly with ethanol after the
dipping. The o1l resistance was considered a success when the
change 1n mass before and after the dipping was —5% to 20%
and represented by B, and represented by D when the change
in mass before and after the dipping was less than -5% and
more than 20%.

Evaluation method of heat resistance: A change 1n charac-
teristics before and after the preservation at 40° C. for 6 days
was compared and evaluated by using the same test method as
the measurement of viscosity according to JIS K 7117 (BL
type viscometer, 60 rpm, 1 min, 25° C.) and the evaluation of
the o1l sealing ability. In the measurement of viscosity, each
composition manufactured in Preparation Examples and
Comparative Preparation Examples was preserved as the
uncured composition liquid. And in the evaluation of the
sealing ability, each composition was preserved while being
coated and processed on the bolt.

Evaluation method of grinding resistance: Each composi-
tion manufactured in Preparation Examples and Comparative
Preparation Examples was coated on the bolt by using the
same method as the evaluation of the fastening resistance, and
the specimen was manufactured by screwing the bolt and the
nut. The bolt and the nut that were screwed were separated
from the specimen, and the residual amount of coating film
from the screwed part of the nut on the surface of the bolt was
confirmed. The grinding resistance was evaluated as A when
the coating film was hardly ever peeled from the surface of the
bolt and remained, B when the coating film was slightly
peeled, and D when the coating film was obviously peeled.

Characteristics of the aqueous coating compositions
manufactured in Preparation Examples 1 to 15 and Compara-
tive Preparation Examples 1 to 8 were evaluated by using the
above method. The results are described 1n Tables 3 and 4.

TABLE 3
Working Example
Prep. Prep. Prep. Prep. Prep. Prep. Prep.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7
A A A A A A B
700 320 1500 2000 1900 660 1220
A A B C B C B
A A A Peeled Peeled A Scratched
20 20 15 20 20 20 20
A B B B B B B
2.0 2.0 2.0 1.0 1.0 2.0 3.0
2 2 2 0.2 2 1 0.2
12 12 12 3 12 12 2
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TABLE 3-continued
sealing 170° C. [MPa] 12 12 12 2 4 12 2
ability
Durability Coating film o1l resistance B B B B B B B
40° C. Viscosity 720 400 1670 2300 2150 800 1360
after
1 day [mPa - s]
Viscosity 750 430 1710 2370 2330 900 1360
after
6 days [mPa - s]
Sealing ability 12 12 12 4 4 12 3
after
1 day [MPa]
Sealing ability 12 12 12 3 4 12 3
after
6 days [MPa]
Grinding resistance A A A B B B B
Working Example
Prep. Prep. Prep. Prep. Prep. Prep.
Prep. Prep. Ex. EX. Ex. Ex. Ex. Ex.
Ex. 8 Ex. 9 10 11 12 13 14 15
Liquid Gelation A A A C C C C
property Viscosity [mPa - s] 660 1150 450 400 1200 1500 640 590
Coating film Coating film property C B B B B B B
property Coating film strength Peeled A A A A A A
Dryness [min] 20 20 20 20 20 20 20
Device coating ability C B B C C C D
Sealing Fastening resistance [N - m] 1.0 2.0 2.0 2.0 2.0 2. 2. 2.0
characteristic Gas sealing ability [Mpa] 0.2 2 2 2 1 1 0.2
Oil 25° C. [MPa] 12 12 12 12 8 8 3
sealing 170° C. [MPa] 4 12 12 9 3 3 1
ability
Durability Coating film o1l resistance B B B B B B B
40° C. Viscosity 890 1300 680 640 1360 1690 920 860
after
1 day [mPa - s]
Viscosity 920 1450 730 720 1420 1800 1030 1060
after
6 days [mPa - s]
Sealing ability 2 12 12 7 2 1 1
after
1 day [MPa]
Sealing ability 2 12 12 7 1 1 D
after
6 days [MPa]
Grinding resistance B A B A A A B
TABLE 4
Comparative Example
Comp. Comp. Comp. Comp.
Prep. Prep. Prep. Prep.
Ex. 1 Ex. 2 Ex. 3 Ex. 4
Liquid Gelation D D C B
property Viscosity [mPa - s] 960 1690 1240 440
Coating film Coating film property D D D D
property Coating film strength Peeled Peeled Peeled  Scratched
Dryness [min] 15 25 20 20
Device coating ability D D D C
Sealing Fastening resistance [N - m] 3.0 4.0 0.5 2.0
characteristic or
less
Gas sealing ability [Mpa] D D D 2
Oil 25° C. [MPa] 4 4 D 12
sealing 170° C. [MPa] D D D 2
ability
Durability Coating film o1l resistance D D D B
40° C. Viscosity 990 1900 2000 560
after
1 day [mPa - s]
Viscosity 1030 2000 2000 600
after or or
6 days [mPa - s] more more
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TABLE 4-continued
Sealing ability D D D 2
after
1 day [MPa]
Sealing ability D D D 2
after
6 days [MPa]
Grinding resistance C C D D
Comparative Example
Comp. Comp. Comp. Comp.
Prep. Prep. Prep. Prep.
Ex. 5 Ex. 6 Ex. 7 Ex. 8
Liquid Gelation C C C D
property Viscosity [mPa - s] 520 960 800 1100
Coating film Coating film property D C D D
property Coating film strength Peeled Peeled Peeled Peeled
and and and and
Scratched Scratched Scratched Scratched
Dryness [min] 20 20 20 15
Device coating ability D D D D
Sealing Fastening resistance [N - m] 1.0 2.0 2.0 3.0
characteristic (Gas sealing ability [Mpal] 0.4 0.4 0.4 D
O1l 257 C. [MPa] o 10 4 4
sealing 170° C. [MPa] D D D D
ability
Durability Coating film o1l resistance D D D D
40° C. Viscosity 1100 1190 1030 1450
after
1 day [mPa - s]
Viscosity 1360 1410 1330 1720
after
6 days [mPa-s]
Sealing ability D D D D
after
1 day [MPa]
Sealing ability D 3 D D
after
6 days [MPa]
Grinding resistance D D D D

While the invention has been described 1n detail with ret- _continued
erence to speciiic embodiments thereof, 1t will be apparent to . .
one skilled in the art that various changes and modifications 40 ? i::thélﬂgfm block made ot aluminum
can be made therein without departing from the spirit and g'_ Manometer
scope thereof. h. Pressure reducing valve

Incidentally, the present application 1s based on Japanese L Mflmualkpump
Patent Applications No. 2008-282310 filed on Oct. 31, 2008, J- Ol tan
and the contents are incorporated herein by reference. 45
Industrial Applicability The invention claimed 1s:

The aqueous coating composition of the present invention 1. An aqueous coating composition comprising: the fol-
has excellent coating adhesion, workability in forming the  lowing components (A) and (B) as main components,
coating film, durability of the coating film at a high tempera- wherein 35 to 80 parts by mass of water 1s contained based on
ture, and durability to various chemicals such as alkali, alco- 50 100 parts by mass of the total of components (A) and (B):
hol, oil, water, and gas. And further, when the composition is Component (A): an ethylene-vinyl acetate copolymer resin
coated between the screwed members, the composition can emulsion; Component (B): two or more PIFE resin
he suitab]y used as a precoat type screw sealing agent for pOWdE:I‘S havmg difterent partlcle diameters, wherein the
sealing oil, gas, and water, since the composition has excel- powders have a predetermined particle diameter range,
lent displacement following for each substrate during heating 55  wherein component (B) includes (b-1) a PTFE resin pow-
to even the combination of the screwed members having der having an average particle diameter o1 2 to 20 um and
different materials. (b-2) a PTFE resin powder having an average particle

diameter of 20 to 100 um, and wherein a mass ratio

Description of Reference Numerals and Signs (b-1):(b-2)o1(b-1)and (b-2)1n component (B)1s 5to 35:

60 95 to 63.

2. The aqueous coating composition according to claim 1,

wherein a mass ratio (A)/(B) of a solid of component (A) and
component (B) 1s 0.03 to 0.40.

- Hole for temperature sensor 3. The aqueous coating composition according to claim 1
b. O1l influx pathway (connecting to sealing test block) ' 4 .. S P S .
. Tect bolt insertion hole 65 Turther comprising: (C) 0.0005 to 1.0 parts by mass of sodium
d. Hole for thermocouple polyacrylate on the basis of 100 parts by mass of the total of

components (A) and (B).
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4. The aqueous coating composition according to claim 1,
wherein component (A) has a viscosity of 1000 to 5500
mPa-s.

5. A member of which a surface 1s coated by the aqueous
coating composition according to claim 1. 5

6. The member according to claim 3, wherein the member
1s a screwed member.

¥ ¥ e ¥ ¥
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